for the reconstruction. Therefore, in this article we present a simple decision-making guide, which can be used to decide whether the closure of MMC skin defects should be performed by primary repair or flap and thus achieve reduced morbidity by not performing flap surgery unnecessarily.
methods
This study protocol was approved by the ethics committee at our institution, and written informed consent was obtained from each patient's parent. Between February 2001 and June 2015, 50 infants born with large thoracolumbar and lumbosacral MMC defects, with sizes ranging from 5 × 4 cm to 12.5 × 9 cm, underwent excision of the MMC sac and dural repair, followed by immediate reconstruction. Before starting closure, defect width (x values), defect height (y values), and distance between posterior axillary lines (2z + x values) were measured in all patients. Then, the y/x and 2z + x/x ratios were calculated. According to our decision-making guide, these 2 ratios are considered to determine which closure technique (with or without primary repair) should be used. Figure 1 illustrates the following points of our decisionmaking guide for determining which closure technique to use for MMC defect reconstruction. 1) If the defect height/width (y/x) ratio is ≥ 1.5, then 2 parameters are evaluated: a) if the length between the posterior axillary lines/defect width (2z + x/x) ratio is ≥ 3, then primary closure is indicated; and b) if the length between the posterior axillary lines/defect width (2z + x/x) ratio is < 3, then closure by flap is indicated. 2) If the defect height/width (y/x) ratio is < 1.5, then closure by flap is indicated. All patients were operated on by 2 surgeons (C.A.K. and İ.Ö.). In patients who had primary closure, undermining was done up to the posterior axillary line and 2 flaps were sutured at the midline. However, in patients who had flap reconstruction, a single Limberg, 2 Limberg, 3 Limberg, or bipedicled fasciocutaneous flaps were used. Before raising the flaps, adrenaline in saline (1:200,000) was injected subcutaneously along the line of the incision, and the flaps were then raised over the back muscles and sutured in a tension-free manner.
Decision-Making Guide
The patients' ages at the time of surgery ranged from 1 to 5 days (mean 2.4 days), and all patients had flaccid paralysis of both lower extremities. Ten patients (20%) had associated anatomical defects other than an MMC, including club feet, hydrocephalus, and Chiari malformation. The mean follow-up was 6.8 years (range 5 months to 14 years).
results
Of these 50 infants, 21 were girls and 29 were boys. The localization of the defect was the thoracolumbar region in 8 patients and the lumbosacral region in 42 patients. The average defect sizes in the primary-closure and the flapreconstructed groups were 46.9 cm 2 and 66.7 cm 2 , respec- tively. By using our decision-making guide, the defects of 30 patients were closed with primary closure, and those of the remaining 20 patients were closed with flap surgery. In the flap-reconstructed group, 3 patients were operated on with a single-Limberg flap, 13 patients with 2-Limberg flaps, 1 patient with 3-Limberg flaps, and 3 patients with a bipedicled flap. Despite the fact that the average defect height/width ratio and the average length between the posterior axillary lines/defect width ratio were 1.6 and 3.2 in the primary-closure group, the same ratios were 1.3 and 1.8 in the flap-reconstructed group. Detailed values and ratios are shown in Table 1 .
A successful tension-free closure of the defect was obtained in all patients. All patients tolerated the procedure without blood transfusion and without perioperative complications. During the follow-up period, among 4 patients who had flap reconstruction, partial flap necrosis developed in 2 patients and minor flap tip necrosis developed in the other 2 patients. The patients who had partial flap necrosis were managed by debridement of all the necrotic tissue, and latissimus dorsi flap reconstruction was performed over the defect. The 2 cases of minor flap tip necrosis were healed by daily dressing changes, and the tissue underwent secondary healing. Except for these 4 patients, all patients healed with no recorded skin flap separation, skin flap dehiscence, skin flap necrosis, infection, CSF leak, or a need for further surgery. The average defect sizes, type of reconstruction, and complications are shown in Table 2 .
All patients were discharged 12-14 days postoperatively. Suture removal was performed 12-14 days postoperatively, and patients were evaluated every 2 weeks for assessment of long-term results. The mean follow-up was 6.8 years; all patients had stable and reliable wound coverage and none had any complications or morbidity related to the procedure (Figs. 2 and 3 ).
Discussion
Defects of the neural tube result from failure of the spinal tube to close during the 1st month of gestation, and they vary in severity from anencephaly to occult spina bifida. Folic acid deficiency, genetics, and geographic factors, together with low socioeconomic standards, are possible causes for these lesions. 3, 12 There is experimental and clinical evidence that in utero repair of MMCs may preserve neurological function. 15 However, this option is available in only a few centers; closure of an MMC defect is usually performed during the first hours after birth.
There are many techniques available in the armamentarium of the plastic surgeon that can be useful for the closure of MMC defects. Regardless of the technique used, it should be tension free, provide good soft-tissue padding of the neural tube, prevent CSF leakage, and provide stable and durable wound healing, especially for large defects. Additionally, the techniques used to reconstruct the defect should result in less morbidity.
From the literature, it is seen that several authors prefer musculocutaneous flaps for managing neonates with large MMC defects, but it is recognized that musculocutaneous flap coverage of large lumbosacral MMC defects is associated with high complication rates. 4, 16 Additionally, compared with musculocutaneous flaps, the dissection of local skin flaps is much easier to perform, requires less operative time, and results in less blood loss. Thus, several authors prefer using skin flaps such as advancement flaps, bipedicled flaps, local transposition flaps, bilobed flaps, double Z-plasty, rotation flaps, and Limberg flaps, which can be used successfully in the closure of large MMC defects.
1,2,5,6,17 We reserved muscle flap usage for the management of complications. Only 2 patients who had partial flap necrosis underwent latissimus dorsi flap reconstruction.
The Limberg flap is a fasciocutaneous transpositional flap that is raised around the defect. This flap is one of the most popular procedures in the reconstruction of MMCs. 16 In contrast to musculocutaneous flaps, the Limberg flap does not disrupt the back muscles and the donor area can be closed primarily. In this way, morbidity related to muscle disruption is prevented and the maintenance of trunk posture is better achieved at a later stage. In our study, various kinds of Limberg flaps were used successfully, such as a single, double, or triple Limberg flap, according to the defect size. To achieve tension-free closure in large defects, a double or triple Limberg flap was preferred to a single one. Similarly, the bipedicled flap is a fasciocutaneous flap, but it is perfused by a superior and inferior pedicle. We used a bipedicled flap in only 3 patients to show that various kinds of flaps can be used in this guide, according to the surgeon's preference.
Primary closure is possible by undermining of the wound margins in almost 75% of cases. However, the remaining 25% of patients with large defects require a more complex procedure. 6, 18, 21 In the literature, flap reconstruc- tion is recommended for defects that are > 5 cm in diameter, but this is not suitable for all patients because of different weights and usable skin tissue on the back. We closed small defects not only with primary repair but also with flaps. We believe that defects should be considered based on ratios, not on sizes, and that all decisions on patients' reconstruction surgery should be made on an individual basis.
Because of tension-free repair and the lack of unnecessary flap use, we did not observe any complications in the patients who had primary closure. Our decision-making guide might be effective in determining the most suitable reconstruction technique. To prove its effectiveness, further comparative studies are necessary.
Postoperative complications following MMC wound closure are well described. 10, 11, 14, 15 Among the most common are CSF leak, meningitis, seroma, hematoma, skin flap necrosis, wound infection, and dehiscence. The average complication rates have been reported between 7.7% and 33%. 10, 14, 15, 20 Our overall complication rate was only 8%. Compared with the literature, this is very low; these results verified the reliability of our guide.
Our decision-making guide was developed by referring to our previous experience with MMC closure. To reduce wound complications, tension-free closure is the key element. To obtain this, knowledge of flap principles is mandatory. The use of a single defect width value is not sufficient for determining the correct reconstruction method. Complication ratios would be higher, similar to those reported in the literature, if such an approach was used. We believe that the success of a reconstruction is much more related to surgical planning in terms of deciding whether to use flaps or primary closure. According to our decision-making guide, other fasciocutaneous flaps can also be easily used, e.g., bilobed flaps, rotation flaps, advancement flaps, and so on.
Conclusions
Surgical repair of large MMCs may be a challenging problem. Because of various defect sizes and patient characteristics, no single protocol exists for reconstruction of the defect. To achieve successful outcomes, reconstruction planning should be done specifically for each patient. Our suggested decision-making guide might be effective in deciding which method is suitable for closure of MMC skin defects. 
